The aim of this study was to install and assess the efficiency of a constructed wetland for wastewater treatment from bullfrog farming (Lithobates catesbeianus) at fattening growth phase. Water detention time was not controlled since wastewater input flow varied according to the biomass of animals maintained in stalls. The study was divided into two phases, with higher and lower bullfrog biomass respectively for phase I and II. A higher removal of nitrite, biochemical oxygen demand, and thermotolerant coliforms was observed at phase I whereas a higher removal of turbidity, nitrate, total phosphorus, total suspended solids, total dissolved solids, and chlorophyll a occurred at phase II. Wastewater treatments using constructed wetland systems with high organic load require a higher water detention time for a better load removal. The treatment effect was positive since this wastewater flowed directly into fishponds or streams, which might promote eutrophication. Thus, wastewater treatment is essential to minimize the impact caused by frog farming on receiving water bodies, promoting the sustainability of this activity in Brazil.
increasing the need for bullfrog farming [2] .
Brazil is the largest bullfrog producer in South America and the second largest in the world, with an average annual production of 600 tons of frog meat [3] .
Bullfrog has adapted well to Brazilian climate since 1935 consolidating frog farming in Brazil, once this species has competitive advantages in relation to native frogs due to its precocity, rusticity, and prolificacy being the most suitable for breeding in captivity [4] .
Bullfrog farming requires a large amount of water to remove excreta and feed residue, in producing a wastewater with high organic load, which may be a significant pollution source in the local environment. The main characteristics of this type of wastewater are the high concentrations of dissolved nutrients, especially ammonia and phosphorus, high electrical conductivity, and low dissolved oxygen concentration when compared with wastewater from other aquaculture activities [5] .
Due to the need for wastewater treatment from aquaculture activities, the use of constructed wetlands has been increasingly studied in recent years in Brazil [6] [7] [8] [9] in order to minimize their impacts on the environment. Constructed wetlands have aquatic plants that remove nutrients from the water using them for their own growth. When compared with conventional treatments, these systems require a lower investment and operating cost [7] and higher versatility in removing nitrogen, phosphorus, biochemical oxygen demand, solids, and thermotolerant coliforms [10] . However, several abiotic factors, such as area availability, plants used, temperature, water flow, and detention time, can affect the operational efficiency of constructed wetlands [11] .
Studies on treatment of frog farming wastewater using constructed wetlands are still scarce in the literature. Therefore, the aim of this study was to install a constructed wetland to treat bullfrog farming wastewater and assess the removal efficiency of nutrients and thermotolerant coliforms. Since the use of this technique could reduce the release of nutrients and other harmful substances into water bodies, preventing their eutrophication.
Materialsand Methods

Study Area and Stall Management
The study was carried out at the Frog Farming Sector of the Aquaculture Center , and it is used for housing animals at post-metamorphic phase.
The fattening phase last from 90 to 120 days, depending on local temperature and animal nutrition. Stalls were composed of shelters, feeding trough, and pools arranged linearly. An uninterrupted water flow was maintained in the pools in order to carry residues and excreta out of the stall. Cleaning was carried out daily and consisted of complete emptying and washing the ponds. 
Constructed Wetland
Caunesp system consists of six ponds for fish, shrimp, and bullfrog farming.
Bullfrog wastewater flows downstream directly into one of the ponds that compose this system and subsequently into a local stream. The constructed wetland was designed in order to use the available area for installing the wastewater treatment system, which accounting for 10% of the total stall area, with dimen- 
Sampling
Water quality sampling was carried out in phases I and II. Phase I (PI) corres- A lower number of animals, but with a higher body weight, was maintained in the stalls at PI. These animals were remaining from the previous reproductive cycle. On the other hand, a higher number of animals, but with a lower body weight, was used at PII. These animals were from spawning occurred between
November and October and were at fattening phase until the end of March, close to the reproductive cycle.
Limnological parameters of input and output wastewater in the wetland were analyzed monthly, total eight samples for PI (4 samples) and PII (4 samples).
Hydrological Variables
Water detention time was calculated by the equation t = V/Q, where t is the water detention time (h), V is the wetland volume (m The load to biomass ratio was calculated by multiplying the nutrient load by 120 days of the experiment at each phase and then dividing by the total biomass value, with the result in grams of nutrient per kilogram of animal biomass.
Limnological Variables
Temperature (T), pH, dissolved oxygen (DO), electrical conductivity (EC), and turbidity (Turb) were measured by using a Horiba U-10 multi-parameter probe.
Total phosphorus (TP), orthophosphate (PO 4 ), nitrate (NO 3 ), and nitrite (NO 2 )
was quantified by aspectrophotometer according to Golterman et al. (1978) [12] , and ammonia (NH 3 ) according to Koroleff (1976) [13] . Chlorophyll a (Chlorop) was extracted with 90% ethanol and quantified in a spectrophotometer at 663 and 750 nm [14] . Total suspended solids (TSS), total dissolved solids (TDS), and biochemical oxygen demand (BOD) were determined according to Boyd and Tucker (1992) [15] , and alkalinity (Alk) according to Mackereth et al. (1978) [16].
For thermotolerant coliforms (TC) analysis, water samples were collected in sterile 500-mL bottles and quantified by using the multiple-tube method (MPN), as described by Greenberg et al. (1992) [17] .
Statistical Analysis
Variations between limnological data of input and output points in the wetland at each phase (PI and PII) were analyzed by the one-way ANOVA test at 0.05 significance level to determine the occurrence of significant differences between points.
In order to visualize the effect of the amount of biomass on the input wastewater quality in the wetland at both phases (PI and PII), the multivariate analysis of Principal Component Analysis (PCA) was used to reduce the dimensionality of the data in a two-dimensional graph (biplot). The software Statistica 7.0 [18] was used in all analyses.
Results
At PI, the limnological variables pH and DO presented the highest values (p < Figure 2 .
Collected wastewater corresponded to 100% of that generated in the stalls by animals at fattening growth phase, with a water detention time of 1.4 h at PI and 2.8 h at PII. Output flow rates were 1.6 and 0.8 m 3 ·h −1 at PI and PII, respectively, being related to the total biomass of animals. At PI, the total biomass of animals, nutrient loads, and the NH 3 load to biomass ratio were higher when compared to PII, as is show in Table 2 . Efficiency removals of more than 90% were observed for TC, 60% for TSS, 50% for Turb and NO 3 , 40% for NO 2 , 15% for TP, and 5% for BOD at PI. On the other hand, at PII, more than 85% of efficiency removal was observed for TSS and TC, 70% for Turb and NO 3 , 40% for NO 2 and TDS, 20% for TP and Chlorop, and 5% for BOD, as is show in Figure 3 .
A relationship was observed between animal biomass, ammonia load, and nutrient removal rate. The higher the biomass, the higher the ammonia load and lower the removal rate. At the phase with a higher total biomass, water detention time was lower due to the need of a higher water flow. In addition, at this phase, animal presents a higher body weight, which may worse feed conversion and, consequently, increase the waste released into the water. To produce one kilogram of bullfrog a higher amount of ammonia is accumulated into water in the fattening phase. 
Discussion
Comparing with a wastewater treatment of fish farming composed of only Eichhornia crassipes [19] , the values of pH and Alk were similar and those of EC was higher in this study. Due to the excess of organic matter, which, in the decomposition process, releases carbonic gas and forms carbonate and bicarbonate, responsible for an increased alkalinity and pH stabilization, together with the release of ions to water, increasing EC values.
The average concentrations of DO were, in general, low at both phases. Lower values were found in the input point due to an intenseorganic matter decomposition process, leading to higheroxygen consumption. In contrast, this value increased to the output point due to the gas exchange between plants and the atmosphere, leading to water oxygenation. The oxygen captured by macrophytes leaves is taken from the stem to the roots to meet the respiratory demand of tissues and oxygenate the rhizosphere. Thus, the exit of oxygen from roots to the environment creates conditions for the oxidation and decomposition of organic matter [20] .
An increase in NH 3 was observed at both phases from the input to the output points of the constructed wetland due to the high organic load from frog farming such as feces, urine, and remnants of skin and food, leading to a higher decomposition in relation to the removal. In addition, an increase in PO 4 was ob- Wastewater nutrient load influences the wetland's capacity in removing compounds, with a negative relationship between load and removal percentage [21] .
This fact was observed mainly for TC since the higher the load was, the lower the removal rate. Phosphorus load is in accordance with Borges et al. (2012) [5] , who studied bullfrog at fattening phase in an amphifarm system. In contrast, the NH 3 load was higher in this study, which may be associated with a higher animal biomass due to animal excretion and feeding.
A factor that may contribute to increased ammonia in the wastewater is the amount of crude protein present in the feed and the component digestibility that composed of bullfrog diet. Furthermore, the low intake of feed by the animals it causes a greater amount of nitrogen released into the water due to leaching of the feed. There is no on the market yet a specific commercial diet for bullfrog, but many studies are being made on formulations and digestibility aiming at the adequate quantity of protein and the best use of nutrients present in the diet [26] [27] [28] [29] .
The improvement in feed conversion and the management in order to reduce food waste, result in improving water quality and reducing costs, contributing to the sustainability of the activity [30] .
An important aspect for increase the nutrient removal efficiency in wetlands is the periodic removal of old macrophytes since these plants have a limited capacity to store nutrients and organic matter [6] . When support capacity is reached, leads to a low production or biomass loss and nutrients stored return to wastewater [31] .
Regarding the dimensions of a constructed wetland, it is desirable that it occupies small areas, saving space for other activities. Some studies have shown large variations between wetland size for treatment of effluent from fish and shrimp farming [32] [33] . However, other studies show that the wetland capacity in removing pollutants is related to the nutrients load of wastewater, in which the higher load the lower the nutrient removal [31] . In this sense, the constructed wetland can need a larger area, with a longer water detention time, for better nutrient removal efficiency.
The small size of the wetland and, consequently, a low water detention time and high organic load from the daily cleaning of stalls for bullfrog management in the Frog Farming Sector may be associated with the process of macrophyte saturation and sedimentation due to organic matter and nutrient accumulation. Increased ammonia was probably influenced by a reduced concentration of dissolved oxygen, which prevented nitrification and denitrification process.
The impacts of frog farming production on the environment are still little explored. Because of this, constructed wetlands play an important role in the treatment of frog farming wastewater, which, in addition to presenting high contents of organic matter, most of the time it is released directly into streams and rivers, causing negative impact on natural and artificial water bodies (e.g. fishponds) [34] .
Conclusion
It was concluded that there was significant improvement in the quality of the wastewater from the bullfrog farming. And, therefore, the treatment used was adequate, and it could be used in commercial farms, with only a few adjustments being made to improve the nutrient removal efficiency.
